1. Introduction
===============

Cognitive disorders in the postoperative period are the post-operative delirium (POD) and the post-operative cognitive dysfunction (POCD). POD is defined as "a clinical situation in which patients think and speak incoherently, are disoriented and show impairment of memory and attention" which is not explained by a medical history of dementia, and influences the ability to focus ([@b1-epj-09-3768]). POCD is defined by a range of changes in neurocognitive patients' condition and behaviour, for weeks or even months after anaesthesia and operation. Usually, these problems concern difficulties in cognitive processes that patients were doing before operation, i.e. to focus on their work. These influence, at various degrees, the patients' quality of life ([@b2-epj-09-3768]--[@b4-epj-09-3768]). Until today many studies have attempted to investigate POCD however the pathophysiology is not completely elucidated and there are many unanswered questions. This review has tried to investigate this phenomenon and to present all developments concerning the treatment of POCD. The specific study was carried out from March 2015 to June 2015. Literature review was achieved by searching a number of bibliographic databases including PubMed, Google Scholar and SCOPUS, surveying published articles from 1955 to 2014. As for the selection criteria, the material consists of scientific articles published mainly over the last fifteen years, while material that was published before 2000 was selected because it was considered to be important.

2. Discussion
=============

2.1. Clinical characteristics of POCD
-------------------------------------

The fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) does not mention POCD as a separate disease entity ([@b5-epj-09-3768]). Usually, the persistent cognitive dysfunction, especially in the elderly, is called POCD ([@b6-epj-09-3768]). The International Society of Postoperative Cognitive Dysfunction considers that POCD is developed when post-operatively deficits are observed in a patient in one or more discrete areas of mental state, such as attention, concentration, executive function, memory, visuospatial ability and psychomotor speed ([@b7-epj-09-3768]). This condition usually develops over a period of more than week, or month, and lasts for a long time. The diagnosis requires sensitive pre-operatively and post-operatively neuropsychiatric tests ([@b8-epj-09-3768]). The result of this complication is that patients are at risk of losing their jobs or their independence, and furthermore there is a significant reduction in their quality of life ([@b9-epj-09-3768]--[@b11-epj-09-3768]). In an international multicentre study of POCD (ISPOCD), a decline in memory function in more than one quarter of patients (over 60 years old) undergoing non-cardiac surgery was found, one week after the surgery and in 10% of these patients after three months. Corresponding studies have shown similar frequencies, with some of them describing cognitive disorders present even one year post operation. Due to the fact that the number of operations (requiring anaesthesia) exceeds 230 million worldwide ([@b12-epj-09-3768]), and due to the increase in the number of operations in patients over 65 years, this age group will undertake the majority of operations after 2020 ([@b13-epj-09-3768]). If these rates and numbers remain stable, we can expect that in a few years, millions elderly patients will be at risk of developing POCD. This fact demonstrates the importance of POCD not only individually, but also in a social level and requires an intensive effort.

2.2. Pathophysiology and pathogenesis of POCD
---------------------------------------------

Unfortunately, to date little is known about the pathophysiology and the mechanisms responsible for POCD. The function of the central nervous system (CNS) depends on the adequate supply of oxygen and nutrients, the effective removal of waste products, and the presence of an adequate neurochemical environment. Any drug causing a disorder (e.g. hypoxia, hypoglycaemia) or affecting in any way the metabolic status of the brain and its homeostasis in general, can cause an overall dysfunction that may occur as a postoperative decline in mental ability functions. The mechanisms that occasionally have been proposed to explain the phenomenon will be examined above.

### 2.2.1. Hyperventilation

Significant hypercapnia and cerebral vasoconstriction that may lead in cognitive deficits were caused from hyperventilation. Wollman and Orkin ([@b14-epj-09-3768]), found that extreme hypocapnia during anaesthesia process is correlated with prolonged cognitive dysfunction time for at least 3 to 6 days after hyperventilation. The above finding was very important since hyperventilation was given for a short period while it basically concerned patients who were young. However, other studies were unable to identify any significant effect of hyperventilation in cognitive function ([@b15-epj-09-3768], [@b16-epj-09-3768]).

### 2.2.2. Hypotension

Since the first studies that were carried out and tried to explain POCDs ([@b17-epj-09-3768]), the interest was focused on those factors that cause cerebral hypoperfusion and a decreased cerebral flow. The simplest and most common cause for cerebral hypoperfusion is hypotension. It can cause cognitive deficits, and was used by several research groups to investigate the role of cerebral perfusion. Unfortunately, the results of these studies were not strong enough regarding the role of hypotension. Gruvstad et al. ([@b18-epj-09-3768]) found a slight deterioration (as reflected in psychometric tests) in cognitive functions after hypotensive anaesthesia, but this was considered as insignificant regarding pressure changes observed in everyday life. Eckenhoff et al. ([@b19-epj-09-3768]) studied perception and short-term memory, which are considered as important cognitive functions among younger patients, without mentioning difference in the hypotensive group. Elderly hypotensive patients who were examined five days after retropubic prostatectomy showed deterioration in a number of psychomotor tests compared to a group of normal blood pressure patients ([@b20-epj-09-3768]). The premedication that the total of patients took before undergoing spinal or general anaesthesia was hyoscine. A vasoconstrictor for maintaining blood pressure was used in the normotensive group, while the other group patients were allowed to become hypotensive with a mean blood pressure reduction of 56% (154 -- 68 mm Hg). No significant differences were detected between the groups, while no difference was also observed in their mental function six weeks after the operation. However, a patient in the hypotensive group experienced thrombosis of a coronary artery and succumbed, and two other patients, (one from each group), experienced adverse reactions. Preoperative tests in two patients showed mental deterioration and one patient (from the normal blood pressure group) was excluded due to difficulties in postoperative examination. These changes may have altered the results in this small group of 27 patients. Thompson et al. examined the effects of hypotension in 30 patients who underwent total hip replacement. Mean arterial pressure fell to 50 mm Hg in both hypotensive groups (10 patients in each group) using either halothane or sodium nitroprusside. In the third group, blood pressure was maintained between normal ranges. Although no effect was observed on the brain, liver or kidney function, in the myocardial function from 1--2 days and 7--8 days after operation, a patient in the hypotensive group was disoriented 24 hours after surgery and nine patients failed to complete the tests as a result of pain, immobility or suppression ([@b21-epj-09-3768]). The potential impact of the prolonged hypotension was not confirmed in these studies, and was not proved as important in the international ISCOPD study ([@b22-epj-09-3768]).

### 2.2.3. Cerebral Microemboli

Cardiopulmonary bypass (CPB) and the surgical field in cardiac surgery are possible sources of microemboli (clots, fat or air bubbles). Furthermore, microemboli can be derived from aortic atherosclerotic plaques during cross clamping and manipulations of the aorta during surgery. A hypothesis was made, that although the occlusion of larger cerebral vessels can cause focal neurological signs, cerebral microemboli could cause minor neurologic deficits associated with postoperative decline in cognitive function ([@b23-epj-09-3768]). Magnetic resonance imaging (MRI) techniques, diffusion-weighted, show that approximately 50% of patients undergoing coronary artery bypass graft (CABG), develop discrete lesions suggesting microemboli infarcts ([@b24-epj-09-3768]). Post-mortem studies have confirmed the connection between CABG and cerebral microemboli infarcts ([@b25-epj-09-3768]). It has also been demonstrated, using transcranial ultrasound, that in operations where a heart-lung machine was used (as in on-pump CABGs) the likelihood of cerebral microemboli and therefore cerebrovascular lesions are greater than other operations ([@b26-epj-09-3768]). Nevertheless, the correlation between the number and the size of microemboli and cognitive dysfunction is unclear. Several studies have failed to show correlation between the size of the emboli (using transcranial ultrasound), or the extent of the infarct (diffusion-weighted MRI) to post-operative cognitive disorders or delirium after CABG or other cardiac surgery ([@b24-epj-09-3768], [@b26-epj-09-3768]). In patients undergoing valve replacement, the results are conflicting regarding the relationship between the size of the emboli and the decline in mental function ([@b27-epj-09-3768], [@b28-epj-09-3768]). Finally, due to the current imaging techniques, damage only larger than 3mm diameter can be represented, and it is possible that in future, a correlation between these types of microembolism can be made by imaging techniques. Therefore, microemboli themselves cannot explain the pathophysiology of postoperative decline of the mental status. Techniques that decrease cerebral blood flow during CPB, such as pharmacologic electroencephalogram (EEG) suppression induced with propofol ([@b29-epj-09-3768]) and hypothermic CPB ([@b30-epj-09-3768]), were expected to reduce the volume of cerebral microemboli. However, these methods were not associated with reduced post-operative mental disorders. It is therefore obvious that there must be a cause beyond cerebral microemboli leading to POCD. This explains why POCDs are often found after non-cardiac surgery. Moller et al. ([@b22-epj-09-3768]) describe cognitive dysfunction one week after operation in 26%, and after three months in 10% of 1,218 patients undergoing cardiothoracic, abdominal or orthopaedic surgery without perioperative hypoxemia or hypotension or any other risk factor. Thus, as elegantly summarized by Hindman ([@b31-epj-09-3768]) "there is an inherent element in surgery or anaesthesia that leads to, or contributes to, acute and chronic POCD, one element that it's not only found in cardiac surgery".

### 2.2.4. Inflammatory mechanisms

It has been documented in several studies that the use of extracorporeal circulation in cardiac surgery induces an extensive systemic inflammatory response associated with the impairment of cognitive function ([@b32-epj-09-3768]). As demonstrated in one study, administration of small doses of ketamine appears to reduce the incidence of POCD in patients who underwent CABG, possibly through the beneficial anti-inflammatory effect of ketamine ([@b33-epj-09-3768]). The extensive inflammatory response in CABGs was previously considered as being caused by activating the immune system after the contact of blood components with the artificial bypass circuit materials, and injuries during the ischemia/reperfusion process of the heart, lungs and kidneys after extracorporeal circulation ([@b34-epj-09-3768], [@b35-epj-09-3768]). Also the breakdown or the injury of the blood-brain barrier during CABG could justify the cerebral inflammatory reaction and the subsequent brain injury with the onset of POCD. However, studies in animals undergoing CABG or other surgery, obtained results with similar activation of the inflammatory agent tumor-necrosis factor-a (TNF-a) in both, on and off-pump operations, and furthermore, similar POCD problems ([@b36-epj-09-3768]). Additionally, the fact that the systemic inflammatory reaction is caused not only in extracorporeal heart surgery, was proved in studies that demonstrated that there is no substantial difference in the inflammatory reaction between on and off-pump surgery ([@b37-epj-09-3768]). This and many other similar studies have shown that the systemic inflammatory response is a phenomenon found not only in cardiac surgery but in a large series of surgical operations ([@b38-epj-09-3768]--[@b40-epj-09-3768]). The mechanism by which the inflammatory reaction affects the cognitive function is complex and difficult to understand. By either focusing on the operation or the patient, a common causative factor for the development of POCD is the inflammatory response of the body. Of course in relationship between inflammation and brain tissue damage, it is difficult to discern which one of them is the cause and which the effect. Any tissue injury is generally followed by an inflammatory reaction associated with the activation of the immune system, which can lead to recovery and treatment, but can also lead to further damage. In rat brain, it was experimentally found, that after subarachnoid haemorrhage ([@b41-epj-09-3768]) and after experimental ischemia of the anterior portion of the brain ([@b42-epj-09-3768]), upregulation was caused to cell pathways associated with inflammation, such as those represented by the nuclear transcription factor kB. Furthermore, focal cerebral ischemia can be found not only as a result of local inflammatory response, but also to extensive cerebral inflammation ([@b43-epj-09-3768]). Thus, a total inflammatory reaction of the nervous system can be caused by a wide range of brain pathologies, many of them present during the time of the operation. Alternatively it is established that inflammation may lead to cerebral tissue damage and to the consequent impairment of cognitive function. It is documented that a serious systemic inflammatory response may cause multiorgan failure, including the brain, leading to a wide range of clinical consequences that include delirium and septic encephalopathy, with symptoms ranging from mild cognitive deficit to coma by the suppression of EEG activity ([@b44-epj-09-3768]). Histological findings in animals with septic conditions showed perivascular oedema, swelling and rupture of astrocytes and degeneration of neurons, and data that suggest grave damage of the blood-brain barrier and secondary neuronal degeneration ([@b45-epj-09-3768]). Therefore, it could be assumed that the systemic inflammation associated with cardiac surgery can cause multiple organ dysfunctions through inflammatory mechanisms. These reactions also lead to neuronal inflammation and cognitive malfunction. What is interesting is that until today, there is little existent evidence that similar inflammatory response is found in other operations apart from cardiac surgery. The common mechanism believed to play a role in the development of the inflammatory reaction is that of the limited ischemia effect due to sedation. To date, many researchers believe that sedation causes the effect of limited ischemia in the endothelial cells of the brain. The effect of acute hypoxia in endothelial cells has the initial result of endothelial swelling. With reperfusion and re-oxygen supply, active metabolites are produced, and the main pathological consequence from their release is a chemotactic mobilization, leading to the migration of activated neutrophils, which, after activation, agglutinate with endothelial cells. That leads to the development of microthrombi and to the release of potent pressor substances, and ultimately to the full capillary clogging and blood flow obstruction while total blood flow in large vessels has already been restored (no reflow phenomenon) ([@b46-epj-09-3768], [@b47-epj-09-3768], [@b48-epj-09-3768]). Neutrophils cause damage with their adhesion to the endothelium of the capillaries. More neutrophils adhere to the endothelium of post-capillary venules, causing damage with the secretion of proteolytic enzymes such as elastase, collagenase, β-glucuronidase, N-Acetyl-β-glucosaminidase, large quantities of free oxygen radicals, cytokines and leukotrienes, substances which activate or are cytotoxic to the cell arterial wall, to platelets and to polymorphonuclear themselves ([@b49-epj-09-3768]). The above processes, at the cellular level, seem to contribute to a general "injury" of the nervous system during the perioperative period ([@b50-epj-09-3768]). These processes can play a role in the pathogenesis of neurodegenerative diseases such as Alzheimer's disease, multiple sclerosis and AIDS dementia after HIV-1 infection ([@b51-epj-09-3768], [@b52-epj-09-3768]). Therefore, CNS reactions to systematic inflammatory mediators can lead to a delay of recovery or in long term postoperative dysfunction of CNS ([@b31-epj-09-3768]). Even a seemingly simple answer to systematically inflammatory stimuli such as fever, may be sufficient to lead to the deterioration of the nervous system and trigger off cognitive dysfunction ([@b31-epj-09-3768], [@b53-epj-09-3768], [@b54-epj-09-3768]). In conclusion, the body during the perioperative period faces an inflammatory systemic reaction that greatly affects CNS. This effect could explain the ways that POCD is induced.

2.3. Differential diagnosis
---------------------------

Differential diagnosis will be made mainly from delirium. Clinical studies distinguish POD from POCD. The DSM-5 defines the characteristics required for the diagnosis of delirium ([@b5-epj-09-3768]). These include consciousness disorders, change in cognition, attention disorders and fluctuations in the psycho-emotional state over time. Lipowski first proposed the distinction of delirium in clinical subtypes, based on the level and persistence of locomotor activity ([@b55-epj-09-3768]). The incidence of delirium is between 10 and 55% in post-operative patients, depending on the type of operation in which the patient was submitted, with a higher rate in orthopaedic operations compared to general surgery ([@b56-epj-09-3768]). Furthermore, the incidence of delirium is considerably higher in elderly patients. It is estimated that up to 50% of elderly patients suffer from delirium after an operation ([@b57-epj-09-3768]). The impact of POD is significant and dangerous. This has proven to be associated with increased morbidity and mortality and after one year, approaches 40% ([@b58-epj-09-3768]). Finally the estimated healthcare costs associated with treating delirium is very high ([@b59-epj-09-3768]). The postoperative delirium is mainly characterized by changes in the consciousness and cognition which are observed for a short period after surgery. Cognitive disorders include disorientation in space and time, language difficulties, impairment in learning and memory. The emotional disorders may be apparent, with intermittent and unstable symptoms of anxiety, fear, irritability, anger and depression. The postoperative delirium often has a changing intensity.

2.4. Treatment
--------------

The treatment of POCDs includes two different approaches: a) Exclusion of any other serious disease that can cause organic psychosyndrome, b) Treatment of the symptoms of POCDs. When treating patients with POCD at home or in hospital, the first concern is the exclusion of other diseases that can mistakenly appear as POCDs. POCDs in elderly patients may be the only clinical sign of a myocardial infarction or a septic syndrome. In these cases, direct treatment for the underlying disease must be provided. More often, POCDs are drug or latent infection induced. The meticulous record of the medication that the patient takes, (whether prescribed or not and including herbal medicines) must be made, for identifying potential toxic substances that need to be discontinued or dosage reduced. Latent infections (including urinary tract infections or pneumonia) must, in secondary level, be excluded. Electrolyte disorders, dehydration, endocrine, kidney, liver or neurological diseases need to be investigated with diagnostic tests. It is useful that hypoglycaemia will be excluded with intravenous glucose solution administration and Wernicke encephalopathy with thiamine administration before glucose in alcoholics. The treatment of symptoms of POCDs makes supportive therapy indispensable. Supportive therapy (i.e. sufficient ventilation and oxygenation, haemodynamic support) should be secured to achieve an optimal environment for recovery. Additionally the control of post-operative pain is important, as there is a correlation between higher pain levels and the development of POCD ([@b60-epj-09-3768]). Inpatient care usually requires several non-pharmaceutical interventions. The regular measurement of vital signs and the frequent communication of the health professional team with the patient, ensure that any aberrant behaviour will be recorded immediately, the sleep-wake cycle will be estimated and the intake and output of liquids during 24-hour will be calculated. Mechanical restrictions are often used in aggressive patients with manic symptoms ([@b61-epj-09-3768]). Single-bed rooms help in reducing stimulation. A clock mounted in a prominent position, a calendar and watching the news on television can help reorientation. It can also be helpful providing adequate room light with variations in light intensity in order for the patient to achieve a normal circadian rhythm ([@b62-epj-09-3768]). The assessment of the ability of swallowing may become useful before the start of feeding per os. It is necessary to monitor closely the fluid electrolyte balance and the respiratory and cardiovascular function ([@b63-epj-09-3768]). After recovery, patients might have fragmentary memory recovery and remember events during an episode, which often causes them stress. The ability of recalling facts after the end of the episode varies ([@b64-epj-09-3768]).

3. Conclusions
==============

In this review an attempt was made to thoroughly study the phenomenon of POCD on the basis of its pathogenesis. During the recent years POCD is a growing concern for the surgical and the supporting teams. It is now apparent that except POD, elderly patients are especially prone to suffer from POCD. It is also understood that operations in an aging patient population, will raise the incidence of POCD. The early recognition and exclusion of other diseases that can cause organic psychosyndrome play a significant role in the treatment of POCD.
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